was at odds with existing views on the nutrition of these organisms, which were considered to 48 be largely autotrophic, like higher plants (Droop, 1957a) . That organic micronutrients could 
54
Guillard that serve an expanding community of microbiologists still today. Over the following 55 years, the prevalence of auxotrophy (Box 1) amongst microalgae gradually became realised, 56 with three vitamins being recognised in particular: vitamin B1 (thiamine), B7 (biotin) and B12
57
(cobalamin) (e.g. Droop, 1957a; Guillard & Ryther, 1962; Provasoli and Carlucci, 1974) . The 58 previous perception that microalgae were entirely autotrophic was attributed to an inherent bias 59 in cultivation methods, remedied by the amendment of artificial media with organic extracts 60 such as soil (Pringsheim, 1946) and even ox liver (Pringsheim, 1952 )! These were shown 61 subsequently to contain thiamine (Lwoff & Lederer, 1935) , and cobalamin (Smith, 1948) which will be the focus of the remainder of the review.
73
Vitamin B12, a cobalt-containing ring-contracted tetrapyrrole, is one of nature's most 74 complex metabolites (Fig. 1a) . In the first systematic examination of algal B12 requirements,
75
compiled from assembled literature, over 50% of species surveyed (171/326) require 76 exogenous B12 for growth (Croft et al. 2005) . Bioinformatics searches for B12-biosynthesis 77 genes revealed that algae (including B12-independent species) cannot synthesise B12 de novo, 78 contrary to previous understanding (Carlucci & Bowes, 1970 on multiple independent occasions in algal evolution (Helliwell et al. 2011) (Fig. 1c) 
86
Through examining the distribution of biosynthetic genes across algal lineages, a 87 picture of thiamine metabolism in algae is beginning to emerge too. Eukaryotic algae arose upper/lower ligands of the molecule (Fig. 1a) . To better understand specific processes dictating broadly (Helliwell et al., 2016) . This is significant because pseudocobalamin alone is 157 considerably less bioavailable to eukaryotic algae (Droop, 1957a; Helliwell et al., 2016) .
158
However, intriguingly some species can convert pseudocobalamin to a bioavailable form when 159 provided with exogenous DMB (Fig. 3) . Whilst enzymes involved in lower ligand removal such algae ( Fig. 1c; Fig. 3 ) providing a likely mechanism for aspects of this process of
163
'remodeling' (Box 1) (Helliwell et al., 2016 (Fig. 2b) (Bertrand & Allen, 2012; Paerl et al., 2015) . , 2014; Paerl et al., 2015) . Growth can however be rescued when HMP is provided alongside (CBA1) confined to the stramenopile lineage (Bertrand et al., 2012) (Fig. 1c) 
